This paper tests the Pairs Trading strategy as proposed by Gatev, Goetzmann and Rouwenhorts (2006). It investigates if the profitability of pairs opening after an above average volume day in one of the assets are distinct in returns characteristics and if the introduction of a limit on the days the pair is open can improve the strategy returns. Results suggest that indeed pairs opening after a single sided shock are less profitable and that a limitation on the numbers of days a pair is open can significantly improve the profitability by as much as 30 basis points per month.
I. Introduction
The general principle of the efficient markets hypothesis in the strong form 1 (Fama 1970) states that in an informational efficient market "security prices at any time fully reflect all available information" (Fama 1970, 383) . This principle implies that returns should be the product of risk taking and excess risk adjusted returns should only be attained by luck so getting them in a systematic way is a violation of this principle.
This academic hypothesis is in an everyday challenge in the marketplace. Many participants believe in their ability to outperform the market and achieve better risk adjusted returns. The existence of portfolio managers that report outstanding cost adjusted returns for extended periods of time raises doubts into the extent markets are efficient.
To address these questions several empirical market tests have been conducted through the years that attempt to investigate to which extent are financial markets in fact efficient (testing the three forms of efficiency). And it takes just one exception to prove that a market is inefficient (as opposed to proving that is efficient, which requires that all possible strategies are proven efficient) but that alone is not an easy task. It's not simple to measure risk and cost adjusted returns.
Excess returns can remain unexplained because of unidentified risks factors like extreme events (event risk) that are yet to happen. Liquidity, political and 1 Fama 1970 defines three forms of efficiency: the weak form, that states that prices reflect all publicly available information, the semi-strong form, that states that prices reflect all publicly available information and instantly adjust to reflect new publicly available information and the strong form that states that prices reflect relevant monopolistic information.
regulatory risk can be difficult to quantify. For example, the risk that regulators prohibit short selling 2 has to be accounted for in strategies that short securities.
Operational risk is always present and is naturally higher when strategies have to be implemented via electronic execution with computer programming. The cost to raise capital or the cost of information gathering can also help to explain excess returns in strategies that need these structures. Transactions costs are sometimes difficult to quantify and can dramatically reduce the profitability of these strategies.
Therefore when testing for market efficiency, is imperative that a simple strategy is used to explore a possible anomaly, one that can be simply evaluated in terms of risks and costs involved and one that could be easily implemented by market participants.
One simple test (of the weak form of efficiency) can be conducted by evaluating the profitability of a pairs trading strategy that is build only with historical price and volume data.
2 There are several situations when regulators prohibited short selling. For example, the U.S. Securities and Exchange Commission prohibited short selling from 19 September 2008 to 2 October of 2008 because of the increased volatility of price assets.
II. Pairs Trading Review

The Strategy
The pairs trading strategy has a simple rationale: If one cannot price a red apple, one can at least say that two perfectly good red apples (equal in all characteristics)
in the same place in time and space are worth the same (assuming rationality). And we can go further, we can assume that there is some stable relationship between the price of a red apple and a green one in the stated conditions.
Pairs trading is an investment strategy that is based on this relative value rationale.
First introduced academically by Gatev, Goetzmann and Rouwenhorts (2006) (hereafter "GGR") pairs trading looks for violations of the law of one price and explores the principle that if two financial assets (most commonly stocks) have the same value and risk drivers, then their relative price should be a stable relationship.
This means that their systematic risk is approximately the same and if this relation remains stable in time (if there are no idiosyncratic shocks on either asset) then a long short position should produce a risk free (beta neutral) portfolio with an excess return (over a risk free benchmark asset) of zero.
On the contrary, if the value and risk drivers remain the same but the price relationship doesn't, then the relative miss price can be explored when is large enough to cover the risks and costs involved. In such cases it is expected that this spread will revert to the historical values when markets participants acknowledge the discrepancy so the strategy would buy the asset with the relative price decrease, sell the one with the relative price increase and wait for a convergence in the relative price to close the position.
There are several ways in which the pairs trading strategy can be implemented. In the work of GGR pairs of similar assets (listed stocks on US equity market) are discovered through a period of pairs formation (a training period) consisting of 250 working days (the equivalent to a trading year). In this period pairs are formed with all available assets in the sample, this is, if a sample of 5 stocks is used then 10 possible pairs can be formed as is showed in the following example:
With all possible pairs formed we then evaluate how similar those pairs are using only the daily price data. For that purpose GGR proposes a closeness measure that first normalizes the prices of the assets that form a pair to the first day of the 250 days training period and then sums the absolute daily spread for that period. If the prices of the two assets in the pair are a linear combination for the whole 250 days period then the closeness measure would be 0. This measure is proposed as proxy of how similar the assets are. Chart 1 is an example of a 250 trading days period for a pair of very similar assets and Chart 2 is a representation of the following 125 trading days period.
Chart 1
The chart shows an example of a pair of two similar assets in the training period. Further on the analysis of the excess return Do and Faff (2011) tested the robustness of reported pairs trading returns against the main sources of explicit costs namely commissions, market impact and selling fees. They found that after controlling for these costs and the common sources for systematic risk the reported profitability in GGR was lost. Do and Faff (2011) conclusions can clear the challenge that pairs trading (as proposed by GGR) poses to the efficient market hypothesis. It can also help to explain why the strategy remained profitable even after the initial work by GGR was released. But this doesn't exclude the possibility that there is some variant form of the strategy that is profitable without breaking the initial rationale. An indication for this may come from the fact that some market participants engage in pairs trading and as the authors of GGR stated "In our study we have not searched over the full strategy space to identify successful trading rules, but rather we have interpreted practitioner description of pairs trading as straightforwardly as possible". This leaves space for improvement under the same rationale. Also to be noted is that some characteristics of the GGR proposed strategy were assigned by the authors own perception of reasonable values used by market participants. These characteristics include the 250 and 125 days for the training and trading period respectively, the 2 standard deviation for the opening trigger or the absence of any risk management measure. This final issue, the risk management control, is a common dimension among strategies that market participants utilize and as mentioned is yet to be introduced. There is still divergence about the risk and cost adjusted profitability of pairs trading and past literature has left some pending questions.
Unresolved Questions
There are several questions to be noted in previous literature regarding pairs trading. One is the paradox noted by Do and Faff (2011) that points out to the fact that we are looking for the closest pairs in the past and expecting that they are the ones with the highest probability of drifting and then converging in the future. The stability of the price relation and the probability of divergence (followed by convergence) by uninformed demand are two distinct characteristics. This idea suggests that there is space for improvement in the way the pairs are ranked and chosen, and not only regarding the price relation stability but also including a second dimension (maybe a second form of ranking) that would take into account the probability of a pair diverging. Another interesting and related matter is that the methodology proposed by GGR (as noted by the authors themselves) doesn't exclude the possibility of a pair being chosen to trade with a negative maximum expected return after costs (for pairs with a short historical standard deviation measure that is used as a trigger). This leaves the need to establish such a filter that would leave out some pairs that are by definition destroying value or in the best possible scenario not adding (if they do not trade). Another relevant question is the exposure to idiosyncratic risk explored by Papadakis and Wysicki (2008) regarding accounting events and Engelberg, Gao and Jagannathan (2009) regarding general news. The principle underlying this idea is that pairs are exposed to idiosyncratic shocks and if an idiosyncratic shock affects one of the assets (for example, a fire destroys a major factory of one of the companies) then the expected relation between the assets is changed and the rationale behind the trading of the pair is lost (as its profitability). It is possible that this risk can be avoid at the opening of the pair, by monitoring for idiosyncratic shocks, but not while a position is open. This risk will always be present and can only be reduced at tops (by monitoring the pairs before they are traded). So even if we find the best methodology for matching pairs, for timing the entry and for managing the risk one cannot avoid or predict an idiosyncratic shock while invested. The reported profitability of this strategy can be the product of this risk.
Finally there is the finite horizon and the limited risk capacity problem. In a finite horizon strategy with limited risk taking capacity a divergence in price can remain beyond the time horizon or the risk bearing capacity leaving to the premature close of the position even if the spread consequently closed. These two questions relate to something that can be called the inefficiency-efficiency paradox. If an inefficiency to be profitable needs the market to recognize the mispricing then it can only be consider an inefficiency if the market subsequently does that. If other markets participants don't acknowledge the mispricing then the alleged lack of equilibrium may remain (maybe it can be called irrationality, but not inefficiency). This is what the pairs trading strategy expects and needs to be profitable, a momentary lack of equilibrium.
It seems that there is a legitimate space for improving the pairs trading strategy without incurring in data snooping or data fitting bias.
Keeping the Rationale, Improving Performance
If the historical relationship between two very similar assets changes then the rationale of trading such a pair is lost and it shouldn't be opened or should be closed (if it was trading). The catalyst for that change can be attributed to something different in the fundamentals like a change in strategy or a sale of some of the company's assets or it can be linked to the expectations of the investors regarding that particular company earnings capacity. And if we believe we are exploring a mispricing but a convergence never comes then maybe the market participants have changed their valuation and even if nothing fundamental has changed the convergence will never happen. With that idea in mind two hypotheses are tested.
Opening Pairs after Shocks
Between the pair's training period and the opening of a position the relation between the assets that form the pair can dramatically change. In an attempt to monitor events that could lead to such a change one can monitor the demand for that asset and try to find abnormal changes (increases) that could signify such an event. One way to do that is through the volume data. Engelberg, Gao and Jagannathan (2009) test the same rationale with news data and find that news affecting just one of the assets decreases the profitability and news that affect both assets increases profitability (they argue that the increased profitability could be explained by differences in the speed information is incorporated). It's expected that the volume data yields the same result with the advantage that is far easier to be implemented in a trading strategy (the information is more accurate then the number and importance of news and is widely available). So it's expected that if a common shock exists then a volume increase will occur in both assets and if that shock only affects one of the assets then the volume increase will be confined to an increase in the respective assets volume. 
Pairs Formation and Trading Period
The methodology used for building the trading rules is the one proposed in GGR with the "wait one day rule" (the opening and close of a pair is delayed by one day to avoid the bid-ask bounce): There is a 250 working days period (the equivalent to a trading year) in which all possible pairs are formed and the sum of the squared deviations between the two normalized price series (prices are normalized to day 1 and include reinvested dividends) is taken. This is called the "closeness" measure. This is the simulation of the strategy of GGR and is used as a benchmark strategy to assess the value of the changes introduced. This strategy is mentioned as "GGR".
Returns
A pair total return is computed as following: Another introduction to the GGR strategy (that doesn't affect the strategy in any way) is the classification of a pair in terms of volume shocks. In the pairs training period (consisting of the 250 working days prior to the trading period of 125 days) the average and standard deviation of volume is taken for each asset. This is the reference demand for that asset. Then, when a pair opens (on the day the trigger is activated), it's classified in one of three ways:
• If the volume of one of the assets in the pair (and just one) is greater than the reference value the pair is classified has "Individual Shock". • If the volume in the two assets is greater than the reference the pair is classified as "Common Shock". 
IV. Results
GGR Results after 2002
GGR reported annualized returns of 11% for the period from July 1963 to December 2002. For the Top 20 portfolio that simulates the strategy used in GGR two distinct periods stand out from Table 5 and Table 6 8% (2003-2010) 5.6% 9.9% 4.0% 10.5% 7.0% 12.2% 7.2% 11.4% 6.6% 10.6% 5.6% 9.9%
From 2003 On the other hand it could also signify that a latent risk factor was present for that period and that the reported excess returns aren't has high has it was thought.
Also to be noted from Table 5 is that returns picked up from 2008 to 2011 with double digit figures and that 2008 was an extremely good year (in fact, the best year for the period under analysis) although US equity markets had one of the worst years in history (for example, the equity index S&P 500 lost 37% of its value).
Another characteristic that stands out is that the Top 100 pair portfolio in the GGR strategy had 100% positive years. This track record is remarkably good. Table 7 presents the descriptive statistics for the pairs and Table 8 the monthly returns for the portfolios when we limit the days a pair is allowed to be trading (the pair is open). It's clear by Table 8 that the average monthly return (for the portfolio comprising of the 100 top pairs) increases no matter the limit in days that is applied, achieving the best performance for the 25 day limit. The monthly return ranges from 0.88% for the GGR strategy to 1.19% for the 25 day limit strategy (a range of 0.31%). Looking at the return characteristics of the pairs (Table 7) one can see that although the average return on the pair is lower on the 15 and 25 days limit (in comparison with the GGR results) there is a gain to be noted on the standard deviation side (in all the limits). The Sharpe ratio shows exactly that: It's the lowest for the GGR strategy and the highest for the 25 days limit, just as the monthly returns. This suggests that this kind of strategy adds value without increasing the portfolio risk (it trades the same pairs for less time and/or avoids some trades) generating on the long term far greater returns as showed on Chart 3.
Limiting the Time a Pair is Open
Chart 3
The chart shows how much would yield an investment on the different strategies (for the Top 100 Pairs portfolio) for the period from 1 January 1991 to 31 December 2010.
The chart is clear in showing that an investment on the GGR strategy would result in the lowest return of them all. This is also translated on the annualized return: For the Top 100 strategies GGR achieves an 11.02% annualized return for the whole period against a 15.02% return for the 25 day limit. So whatever limit is imposed on the number of days a pair is trading there is an improvement on the strategies returns (with no increase in risk). Table 9 shows that for every definition of volume event (average, average plus one standard deviation or average plus 2 standard deviations) the return of the pairs is the highest when the event happens on both assets, the lowest when the event is on one asset and when there is no event the average return falls between the two other classifications. This regularity is also observed in the sharpe ratio with the exception of when the volume event is defined as the average plus 2 standard deviation, although the error is too high to draw any conclusion (the sample of pairs with volume events in both pairs becomes too small, n=158). These results confirm the findings of Engelberg, Gao and Jagannathan (2009) that pairs opening after news that affected both assets exhibit superior returns and that when news affected just one of the assets returns were under average. This opens the door for the possibility that market participants have acknowledged these high return pairs and use this 30 information to form a conditional filter on the opening of the pairs (opening pairs only if there are shocks that affect both assets). It's also important to note that this volume information is a good proxy for idiosyncratic or common shocks and that it's available before the opening of the pair (pairs are open one day after the trigger fires). It is also as common and as cheap as the price data.
Volume Events
V. Conclusion
The results show that the simple relative value model presented by GGR has margin to be improved through simple rationales coherent with the main idea.
The limit introduced on the maximum days a pair is open improves the risk return characteristics no matter what limit is imposed which appears to support the rationale that a convergence must be observed in a short period of time. We can also conclude that is best to avoid pairs that trigger around abnormal volume changes in one of the assets.
It's fair to expect that market participants took and take these strategies to levels of sophistication beyond what is tested and presented here and that those returns can prove to be resilient to the explicit and implicit costs that Do and Faff (2011) It's plausible to think that these modifications and others are employed by some more or less sophisticated market participants and that the returns generated can challenge the weak form of the efficient market hypothesis. It's also possible that with the high frequency price data that is available today this strategies are taken to an intraday level where the price divergences could prove to be momentarily larger and thus the strategy prove to be more profitable. 
